Background The English network of stop-smoking services (SSSs) is among the best-value life-preserving clinical intervention in the UK NHS and is internationally renowned. However, success varies considerably across services, making it important to examine the factors that influence their effectiveness. Methods Data from 126 890 treatment episodes in 24 SSSs in 2009e10 were used to assess the association between intervention characteristics and success rates, adjusting for key smoker characteristics. Treatment characteristics examined were setting (eg, primary care, specialist clinics, pharmacy), type of support (eg, group, one-to-one) and medication (eg, varenicline, single nicotine replacement therapy (NRT), combination of two or more forms of NRT). The main outcome measure was abstinence from smoking 4 weeks after the target quit date, verified by carbon monoxide concentration in expired air. Results There was substantial variation in success rates across intervention characteristics after adjusting for smoker characteristics. Single NRT was associated with higher success rates than no medication (OR 1.75, 95% CI 1.39 to 2.22); combination NRT and varenicline were more successful than single NRT (OR 1.42, 95% CI 1.06 to 1.91 and OR 1.78, 95% CI 1.57 to 2.02, respectively); group support was linked to higher success rates than one-to-one support (OR 1.43, 95% CI 1.16 to 1.76); primary care settings were less successful than specialist clinics (OR 0.80, 95% CI 0.66 to 0.99). Conclusions Routine clinic data support findings from randomised controlled trials that smokers receiving stop-smoking support from specialist clinics, treatment in groups and varenicline or combination NRT are more likely to succeed than those receiving treatment in primary care, one-to-one and single NRT. All smokers should have access to, and be encouraged to use, the most effective intervention options.
INTRODUCTION
Tobacco smoking is estimated to lead to 5 million premature deaths each year and is the major preventable cause of lung cancer and chronic obstructive pulmonary disease. Success rates of unaided quit attempts are extremely low at less than 5%. Fortunately, effective forms of help are available including nicotine replacement therapy (NRT), bupropion and varenicline, as well as behavioural support. 1 In 1999 England became the first country to establish a comprehensive national network of stop-smoking services (SSSs), providing a combination of medication and behavioural support. 2 These are now among the best-value lifepreserving interventions in the UK NHS. 2 There are approximately 150 SSSs in England and there is considerable latitude in the kind of intervention offered. A wide variation in success rates has been observed across services. In 2009e10, 4-week biochemically-verified quit rates (the Department of Health standard benchmark for assessing success rates) ranged from 3% to 58% (average 34%).
3 Some of the variation will be due to differences in data gathering, recording practices, levels of biochemical verification and client characteristics. However, differences may also be due to variation in the content, type and setting of the intervention provided. Many SSSs record key information about client characteristics and intervention provision that can help us to understand where the sources of variation in performance are arising. Potentially relevant client characteristics include age, gender, level of economic deprivation and degree of nicotine dependence. 4 The strength of motivation to stop is not frequently measured, but it has been found to have little or no association with success rates in western smokers. 5 Potentially important intervention factors are: (1) type of medication used, where evidence from randomised clinical trials (RCTs) would lead one to expect that varenicline and combination NRT (patch plus a faster acting form) would be more effective than single form NRT; (2) group versus individual behavioural support, where comparison of efficacy rates across RCTs would suggest that group support would be more effective; and (3) specialist clinic versus pharmacy and primary care settings, where evidence suggests that specialist clinics may be more effective. 6 Evaluating how intervention characteristics affect effectiveness after adjusting for client characteristics should help to establish optimal service configurations. The findings should help inform intervention provision, both in the UK and internationally, and indicate whether RCT evidence translates into routine practice. The aim of the present study was to assess associations between key aspects of service provision and treatment outcome while adjusting for key smoker characteristics in a large sample of smokers attending English SSSs.
METHODS Sample
QuitManager (North51, Nottingham, UK) is an online database system for recording information on smoker and intervention characteristics in accordance with the Department of Health's < Additional tables are published online only. To view these files please visit the journal online (http://thorax.bmj. com).
standard monitoring requirements. 6 Twenty-four of the first 40 SSSs to use it agreed to share anonymised data for the current audit. All 'completed treatment episodes' between 1 April 2009 and 30 June 2010 were included as individual records. A completed treatment episode involves a smoker setting a definite quit date with the service and at least 4 weeks having elapsed from that point to the point of data gathering.
Outcome measure
The outcome measure was successful quitting as defined by the Department of Healthdthat is, quitters who report 4 weeks after the designated quit date that they have not smoked for at least 2 weeks and a concentration of carbon monoxide (CO) in expired air of <10 ppm. 6 As is standard practice, clients lost to follow-up were regarded as smoking. 6 Long-term quit rates can be estimated reliably from CO-validated 4-week quit rates and comparative quit rates are stable over short-and long-term follow-ups, 6 therefore there is a reasonable level of confidence that any associations observed would translate into long-term differences.
Predictor variables: intervention characteristics
These included medication (no medication, single NRT, combination NRT, bupropion, varenicline), intervention type (one-to-one, drop-in, open group, closed group, telephone support and 'other' such as couple/family sessions) and intervention setting (specialist clinics, primary care, pharmacy and 'other' such as prisons).
Possible confounding factors: client characteristics
These included age, gender, ethnicity, occupation, exemption from prescription charges (as a proxy measure for economic deprivation) and whether this was a first or subsequent treatment episode. A sensitivity analysis included first treatment episodes only. The level of nicotine dependence (Fagerstrom test for nicotine dependence (FTND): possible range 0e10, higher scores indicating a higher level of dependence 7 ) was recorded for a minority of clients (6%), as were cigarettes/day (16%) and time to first cigarette (11%), and so not included in the main analyses. However, dependence was compared across intervention options to determine whether this could explain differences in outcome.
Analysis of data SPSS 17.0 and Stata 11.0 were used. Complex samples multiple logistic regression analysis with SSSs defined as clusters was conducted to analyse the extent of differences in success rates between intervention options while taking client characteristics and interdependence within SSSs into account. To assess differences in success rates between SSSs adjusting for other intervention and client characteristics, a separate logistic regression was undertaken with SSS as a predictor variable rather than as a cluster. Mean nicotine dependence was compared across interventions by one-way ANOVA with posthoc pairwise comparisons.
RESULTS
Analyses were based on 126 890 consecutive treatment episodes. Participant demographics and intervention characteristics were similar to those of all clients attending SSSs in England (see table S1 in online supplement). For most clients it was the first treatment episode, about half used combination NRT or varenicline, one-third were seen in specialist clinics and the vast majority received one-to-one support (see table S1 in online supplement). The average CO-verified quit rate was 36.0% (range 3.8e56.4%), which was marginally higher than the rate of 33.9% across all English SSSs. 3 Those using single NRT had higher success rates than those not using medication. Combination NRT and varenicline had significantly higher odds of success than single NRT (table 1) . Group sessions were more successful than one-to-one support; drop-in clinics were the least successful type of intervention. Specialist clinics were more successful than primary care. Success rates did not differ between first and subsequent treatment episodes.
In a multiple regression using SSS as an additional predictor rather than a clustering variable, SSS emerged as a highly significant predictor of success after adjusting for client and intervention variables, as in the main analysis (p<0.001). Using the SSS with a success rate closest to the average as the reference (35.5%), ORs for success ranged from 0. 
DISCUSSION
We found that smokers attending groups run by specialists using combination NRT or varenicline have a better chance of success than those being treated in primary care with one-to-one support and use of single NRT. Thus findings from RCTs 6 appear to translate well into clinical practice. However, the most effective forms of intervention are uncommon. 3 It may be argued that this reflects smoker preferences. However, many services do not offer the optimal options. 3 Smokers using the more successful intervention options tend to be more dependent, so higher success rates are unlikely to be due to an 'easier' clientele.
A potential limitation is that we sampled only a subset of SSSs. However, the characteristics of the smokers and interventions were similar to those of all SSSs. Another limitation is the reliance on 4-week quit data as the outcome measure. However, long-term success rates can be predicted using short-term success. Bias could arise from services with poorer follow-up also being more likely to use intervention options that we found to be less effective. Against this, the 4-week session is part of the intervention 6 and the findings remained even after adjusting for SSS as a predictor (data not shown). The effects of other factors such as motivational differences cannot be entirely ruled out.
The analyses did not take account of the possibility that some smokers contributed more than one treatment episode to the database. However, analyses restricted to first treatment episodes have very similar results, with pharmacy and primary care settings performing worse than specialist clinics (see table S2 in online supplement).
One possible reason for a failure to optimise the quality of the intervention is a focus on sheer numbers of 4-week quitters rather than numbers of smokers actually helped to quit. If we assume that 25% of clients would have succeeded for 4 weeks with just medication, 6 a strong case could be made that services should be judged on the numbers of 4-week quitters generated over and above this (subject to some variations according to the client group).
In summary, a number of service delivery characteristics are associated with higher success rates. There is a significant opportunity for commissioners and providers to increase provision of the optimum service and preserve many more lives.
